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mulating charges; a transistor portion including at least one

transistor for processing the charges accumulated 1n the pho-
tocharge generating portion; and a control terminal for pre-
venting dark current from being introduced into the photo-
charge generating portion, and ejecting the dark current after
temporally storing the dark current. The control terminal 1s
operated to store the dark current for an integration time when

a photodiode as the photocharge generating portion receives
light, and eject the stored dark current by being grounded

when the reset transistor 1s turned on.
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CMOS IMAGE SENSOR WITH DARK
CURRENT REDUCTION

CLAIM OF PRIORITY

This application makes reference to, incorporates the same
herein, and claims all benefits accruing under 35 U.S.C. §119

from an application for COMPLEMENTARY METAL
OXIDE SEMICONDUCTOR IMAGE SENSOR AND

METHOD FOR FABRICATING THEREOF filed in the
Korean Industrial Property Office on Oct. 23, 2003 and there
duly assigned Serial No. 10-2003-0074445.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a complementary metal
oxide semiconductor (CMOS) 1image sensor, and more par-
ticularly to a CMOS image sensor and a fabrication method
thereol, which 1s adequate to reduce dark current.

(b) Description of the Related Art

In general, image sensors include a charge coupled device
(CCD) image sensor and a CMOS 1mage sensor.

Of these sensors, the CCD image sensor comprises a
photo-electric conversion and charge accumulation portion
for absorbing light reflected by an external 1irradiated object
into the sensor and collecting and accumulating photo-
charges, a charge transport portion for transpertmg photo-
charges generated 1n the photo-electric conversion and charge
accumulation portion, and a signal conversion portion for
converting the photocharges transported from the charge
transport portion 1nto an electrical signal.

The photo-electric conversion and charge accumulation
portion mainly uses a photodiode which 1s a device for accu-
mulating charges generated by light in a potential well formed
by a PN junction. The charges generated 1n the photo-electric
conversion and charge accumulation portion and confined 1n
the potential well of the photodiode can be transported to a
required location by moving the potenial well. In addition, the
signal conversion portion generates a voltage from the trans-
ported charges. On the other hand, after the voltage 1s gener-
ated by the s1ignal conversion portion, the charges confined 1n
the current potential well are required to be ejected for next
charges. For this end, a barrier of the current potential well 1n
the signal conversion portion 1s removed to eject the charges,
which 1s referred to as “reset”.

In this way, the CCD 1mage sensor detects signals not by
means ol switching by transistors 1n the CMOS 1mage sensor,
but charge coupling. In the CCD image sensor, since the
photodiode corresponding to a pixel for detecting light
extracts photocurrent after the photocurrent 1s accumulated
for a certain time rather than extracting it instantly, there 1s an
advantage 1n that a signal voltage 1s increased by an amount of
accumulation of the photocurrent, which results in good pho-
tosensitivity and reduced noise. However, in the CCD 1mage
sensor, since the transport of photocharges 1s continuous, the
driving method 1s complicated and a high voltage of about
8-10V and high power of more than 1 W are consumed.

On the other hand, although the CMOS 1mage sensor 1s
inferior 1n electro-optic characteristics to the CCD image
sensor, 1t 1s superior 1n low power consumption and high
integration to the CCD 1mage sensor.

Accordingly, improvement of the electro-optic character-
istics, particularly a dark current characteristic acting as a
factor to lower quality and reliability of the CMOS image
sensor, 1s 1creasing as a subject of interest of the CMOS
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image sensor. The dark current characteristic 1s particularly
alfected by leakage current generated 1n a lateral wall of a
shallow trench 1solation (STT) film.

One example of the CMOS 1mage sensor 1s disclosed 1n
U.S. Pat. Nos. 6,531,725 and 6,545,302.

Hereinaftter, the reason why the dark current characteristic
1s generated will be described 1n detail with reference to
FIGS. 1 to 4.

FIGS. 1 and 2 show a layout of a conventional CMOS
image sensor having a 3-transistor (ITR) structure and an
equivalent circuit diagram thereot, respectively.

A CMOS mmage sensor 100 comprises one photodiode PD
and an aggregate of pixel units each having three transistors
TR1, TR2 and TR3.

A P-type semiconductor substrate 102 has STI films 104
for device 1solation formed thereon, a device region defined
by the STI films 104 has a photodiode PD formed by photo-
diode N+ implants, and a depletion layer 106 1s formed
beneath the photodiode PD.

The three transistors TR1, TR2 and TR3 are respectively a
reset transistor TR1, a select transistor TR2 and an access
transistor TR3.

A reset signal 1s applied to a gate electrode of the reset
transistor TR1 through a reset signal input terminal 108. The
reset transistor TR1 has a drain electrode connected to a
floating node 110 and a source electrode connected to a VDD
terminal Vdd.

In addition, the select transistor TR2 has a gate electrode
connected to the floating node 110 and a source electrode
connected to the VDD terminal Vdd.

In addition, a row select signal 1s applied to a gate electrode
of the access transistor TR3 through a row select signal input
terminal 112. The access transistor TR3 has a source elec-
trode connected to a drain electrode of the select transistor
TR2 and a drain electrode connected to a column select line
114.

The photodiode PD 1s formed between the floating node
110 and a ground 116.

Now, operation of the CMOS 1mage sensor as constructed
above will be described.

When the reset transistor TR1 1s turned on and a source
node potential of the reset transistor TR1 becomes VDD,
initialization 1s completed. At this time, a reference value 1s
sensed.

Also, when electron-hole pairs, 1.e., signal charges, are
generated in the depletion layer 106 of the photodiode PD by
externally incident light, potential of the floating node 110,
which 1s the source electrode of the reset transistor TR1, or
potential of the gate electrode of the select transistor TR2 1S
changed 1n proportion to the amount of the generated signal
charges, and accordingly, potential of the gate electrode of the
select transistor TR2 1s changed and hence a bias of the source
clectrode of the select transistor TR2 and the drain electrode
of the access transistor TR3 1s changed.

In this way, while the signal charges are accumulated, the
potentials of the source electrode of the reset transistor TR1
and the source electrode of the select transistor TR2 are
changed. At this time, when the row select signal 1s applied to
the gate electrode of the access transistor TR3 through the row
select signal input terminal 112, a potential difference due to
the signal charges generated 1n the photodiode PD 1s output-
ted to the column select line 114.

As described above, after a signal level 1s detected by the
signal charges generated in the photodiode PD, while the
reset transistor TR1 1s turned on by the reset signal through
the reset signal 1input terminal 108, all signal charges accu-
mulated 1n the photodiode PD are reset.
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However, with the CMOS 1mage sensor as constructed
above, since the photodiode 1s surrounded by the STI films as
shown 1n FIGS. 3 and 4, current induced on an unstable
s1licon surface of a lateral wall of the STT film 104 1n addition
to current by electrons generated by light flows through the
photodiode PD along a direction shown as an arrow in FI1G. 4.

Accordingly, even 1n a state where there 1s no light, there 1s
a problem 1n that a signal may be erroneously detected 1n the
photodiode PD as 11 there 1s light. A current inducing such an
error 1s referred to as “dark current”. This dark current may be
even more greatly generated 1n an image sensor having a
structure where devices are 1solated from each other by etch-
ing a silicon wafer.

SUMMARY OF THE INVENTION

In considerations of the above problem, 1t 1s an aspect of the
present 1nvention to provide a CMOS 1mage sensor, that 1s
adequate to reduce dark current.

It 1s another aspect of the present invention to provide a
method of fabricating the CMOS 1mage sensor.

To achieve the aspect, there 1s provided a CMOS 1mage
SeNsor comprising:

a device 1solation region and an active region, which are
formed on a semiconductor substrate;

a photocharge generating portion formed on the active
region for absorbing light externally and generating and accu-
mulating charges;

a transistor portion including at least one transistor for
processing the charges accumulated 1in the photocharge gen-
erating portion; and

a control terminal for preventing dark current from being
introduced into the photocharge generating portion, and
¢jecting the dark current after temporally storing the dark
current.

Preferably, the CMOS 1mage sensor further comprises a
separating portion for separating the photocharge generating
portion from the control terminal. Preferably, the transistor
portion includes a reset transistor, a select transistor and an
access transistor, the control terminal 1s operated to store the
dark current for an integration time when a photodiode as the
photocharge generating portion recerves light, and eject the
stored dark current by being grounded when the reset transis-
tor 1s turned on.

To achieve another aspect, there 1s provided a method of
fabricating a CMOS 1mage sensor, comprising:

forming a device 1solation region by etching a semicon-
ductor substrate of a first conductivity type;

forming a transistor portion including at least one transistor
on the semiconductor substrate on which the device 1solation
region 1s formed;

forming a photocharge generating portion by injecting
impurities of a second conductivity type opposite to the first
conductivity type mto an active region between the device
1solation region and the transistor portion on the semiconduc-
tor substrate;

forming a control terminal by injecting impurities of the
second conductivity type into a boundary between the pho-
tocharge generating portion and the device 1solation region in
a halo junction form; and

forming a separating portion by 1njecting impurities of the
first conductivity type between the photocharge generating
portion and the control terminal.

Preferably, the device 1solation region 1s formed by a shal-
low trench 1solation (STT) film and the photocharge generat-
ing portion 1s formed by a photodiode.
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated 1n
and constitute a part of the specification, illustrate an embodi-
ment of the mvention, and, together with the description,
serve to explain the principles of the invention:

FIG. 1 1s a layout of a conventional CMOS 1mage sensor
having a 3-TR structure;

FIG. 2 1s an equivalent circuit diagram of FIG. 1;

FIG. 3 1s a sectional view taken along a line “A-A” 1n FIG.
1

FIG. 4 1s a sectional view taken along a line “B-B” in FIG.
1

FIG. § 1s alayout of a CMOS 1mage sensor having a 3-TR
structure according to an embodiment of the present iven-
tion;

FIG. 6 1s an equivalent circuit diagram of FIG. 3;

FIG. 7 1s a sectional view taken along a line “A-A” 1n FIG.
S;

FIG. 8 1s a sectional view taken along a line “B-B” 1n FIG.
5: and

FIG. 9 1s a flow chart illustrating a fabrication method of
the CMOS 1mage sensor having the 3-TR structure according
to the embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENT

PR.
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A CMOS mmage sensor and a fabrication method thereof
according to a preferred embodiment of the present invention
will now be described 1in detail with reference to the accom-
panying drawings.

FIGS. 5 and 6 are a layout of a CMOS 1mage sensor having,
a 3-TR structure according to an embodiment of the present
invention and an equivalent circuit diagram thereot, respec-
tively. FIGS. 7 and 8 are sectional views taken along lines
“A-A” and “B-B” in FIG. 5, respectively.

A CMOS mmage sensor 10 of the embodiment of the
present invention generally comprises one photodiode PD, a
control terminal 12 for preventing dark current from being
introduced into the photodiode PD, a separating film 14 for
separating the photodiode PD from the control terminal 12,
and an aggregate of pixel units each having three transistors
TR1, TR2 and TR3.

A P-type semiconductor substrate 16 has ST1 films 18 for
device 1solation formed thereon, a device region defined
between the STI films 18 has the photodiode PD formed by
photodiode N+ implants, and a depletion layer 20 1s formed
beneath the photodiode PD.

In addition, the control terminal 12 joined to a semicon-
ductor substrate 16 1n a halo junction form by N+ implants 1s
formed at a boundary between the STI film 18 and the pho-
todiode PD, and the separating film 14 1s formed by P+
implants between the control terminal 12 and the photodiode

PD.

The three transistors TR1, TR2 and TR3 are respectively a
reset transistor TR1, a select transistor TR2 and an access
transistor TR3.

The reset transistor TR1 has a drain electrode connected to

a floating node 22 and a source electrode connected to a VDD
terminal Vdd.

In addition, the select transistor TR2 has a gate electrode

connected to the floating node 22 and a source electrode
connected to the VDD terminal Vdd.

A row select signal 1s applied, through a row select signal
input terminal 26, to a gate electrode of the access transistor
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TR3 connected 1n series to the select transistor TR2. The
access transistor TR3 has a drain electrode connected to a
column select line 24.

The photodiode PD 1s formed between the tloating node 22
and a ground 28, and the control terminal 12 1s connected to
the photodiode PD.

Now, a fabrication method of the CMOS 1mage sensor as
constructed above will be described with reference to FIG. 9.

Referring to FIG. 9, the STI film 18 1s formed by etching
the semiconductor substrate 16 of a first conductivity type, for
example, a P-type. Next, the photodiode PD is formed as the
photocharge portion by 1njecting impurities of a second con-
ductivity type, for example N+ implants, opposite to the first
conductivity type into the device region of the semiconductor
substrate 16. Next, the control terminal 12 of the halo junction
form 1s formed by 1njecting impurities of the second conduc-
tivity type, for example N+ implants, into the boundary
between the photodiode PD and the ST1 films 18. Finally, the
separating {ilm 18 1s formed by injecting impurities of the first
conductivity type, for example, P+ implants, between the
photodiode PD and the control terminal 12.

With the CMOS 1mage sensor fabricated as above, the
control terminal accumulates the dark current generated on
unstable silicon surfaces of lateral walls of the STT films 18
for an integration time when the CMOS image sensor
receives light, and the dark current can be removed by
grounding the control terminal 12 when the reset transistor
TR1 1s turned on.

In addition, a voltage of the control terminal 12 can be
varied to optimize the depth of the potential well according to
a characteristic of the photodiode PD.

As 1s apparent from the above description, according to the
present invention, by forming the control terminal around the
photodiode, the dark current generated 1in the ST films can be
actively removed, which results in improvement of the dark
current characteristic. In addition, even in the case where
excess electrons are generated by very bright light, the excess
clectrons can be ejected through the control terminal.

Accordingly, a characteristic of the CMOS 1image sensor of
the present invention can be optimized.

Although the CMOS 1mage sensor having the 3-TR struc-
ture has been exemplified, the present invention 1s applicable
to any CMOS 1mage sensors having more than one transistor.

Although the preferred embodiment of the present inven-
tion has been described in detail hereinabove, 1t should be
clearly understood that many variations and/or modifications
of the basic inventive concepts herein taught which may
appear to those skilled 1n the present art will still fall within
the spirit and scope of the present invention, as defined 1n the
appended claims.

What 1s claimed 1s:

1. A CMOS image sensor comprising:

a device 1solation region and an active region 1n a semicon-

ductor substrate;

a photocharge generating portion in the active region for
absorbing external light and generating and accumulat-
ing charges;

a separating film between the device 1solation region and
the photocharge generating portion;

a transistor portion including at least one transistor for
processing the charges accumulated 1n the photocharge
generating portion; and
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a control terminal 1n the active region having a maximum
depth greater than that of the photocharge generating
portion, at a boundary with the device 1solation region
and having the same conductive type as the photocharge
generating portion for preventing dark current from
being introduced from the device 1solation region 1nto
the photocharge generating portion, and ejecting the

dark current after temporally storing the dark current.

2. The CMOS 1mage sensor of claim 1, wherein the tran-
s1stor portion includes a reset transistor, a select transistor and
an access transistor.

3. The CMOS 1mage sensor of claim 2, wherein the control
terminal stores the dark current for an integration time when
light 1s recerved, and ejects the stored dark current by being
grounded when the reset transistor 1s turned on.

4. The CMOS 1mage sensor of claim 1, wherein the sepa-
rating film separates the photocharge generating portion from
the control terminal.

5. The CMOS 1mage sensor of claim 1, wherein the pho-
tocharge generating portion comprises a photodiode.

6. The CMOS 1mage sensor of claim 1, wherein the semi-
conductor substrate comprises a P-type semiconductor sub-
strate.

7. The CMOS 1mage sensor of claim 1, wherein the pho-
tocharge generating portion comprises an N+ implant.

8. The CMOS image sensor of claim 1, wherein the control
terminal comprises an N+ implant.

9. The CMOS 1mage sensor of claim 1, wherein the control
terminal comprises a halo junction.

10. The CMOS 1mage sensor of claim 1, wherein the con-
trol terminal has a voltage of about zero when the reset tran-
s1stor 1s on.

11. The CMOS 1mage sensor of claim 1, wherein the con-
trol terminal has a voltage corresponding to a depth of a
potential well according to a characteristic of the photocharge
generating portion.

12. The CMOS 1mage sensor of claim 1, wherein the con-
trol terminal has a depth greater than the separating film.

13. The CMOS 1mmage sensor of claim 1, wherein the pho-
tocharge generating portion has a depth greater than the sepa-
rating film.

14. The CMOS 1mage sensor of claim 1, wherein the pho-
tocharge generating portion comprises impurities of a second
conductivity type, and the separating film comprises impuri-
ties of a first conductivity type.

15. The CMOS 1mage sensor of claim 1, wherein the con-
trol terminal comprises impurities of a second conductivity
type, and the separating film comprises impurities of a first
conductivity type.

16. The CMOS mmage sensor of claim 15, wherein the
photocharge generating portion comprises impurities of a
second conductivity type.

17. The CMOS 1mage sensor of claim 15, wherein the
semiconductor substrate comprises impurities of a first con-
ductivity type.

18. The CMOS image sensor of claim 15, wherein the

control terminal comprises an N implant, and the separating
f1lm comprises a P+ implant.
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